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(54) Metal surface hardening by carbide 
formation 

(57) A nnethod of surface hardening a 
metal (1 1 ) surface in which the surface 
is firstly coated with a colloidal 
dispersion of graphite (13) and then 
locally melted, with a high-energy 
beam radiation (12) in an inert 
atmosphere or vaccum, so that the 
molten metal reacts with the graphite 
(13) to form a metal carbide. On 
resolidification, the metal carbide 
defines a dendritic carbide structure 
within the metal adjacent its surface. 
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Fig, 3. 




FigS. 




O f 8 




Fig. 6. 
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Fig. 7. 
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Fig. 8. 
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Fig. 10. 
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SPECIFICATION 

Metal surface hardening by carbide formation 

5 This invention relates to. a method of surface hard- 
ening metals by carbide formation and to metals 
having surfaces so hardened. 

There are certain metals, such as titanium and 
alloys thereof, which have high strength to weight 

10 ratios but which are nevertheless restricted in their 
use because of high wear rates under conditions of 
sliding or fretting. Attempts to overcome tfiis prob- 
lem have mainly centred around the provision of a 
wear resisting coating on the metal surface or the 

15 deposition of wear resistant particles in the locally 
melted surface of the metal. In the former case, a 
mixture of a matrix material, such as a cobalt or 
nickel-based alloy, and wear resistant particles of 
tungsten carbide, chromium carbide or titanium 

20 carbide, is plasma or flame sprayed on to the 

metal surface. In the latter case, wear resistant par- 
ticles of, for instance, titanium carbide, are injected 
into a laser beam melted area of the metal surface. 
Such a method is described in US Patent No. 

25 4299860. 

In both of the above known methods of provid- 
ing wear resisting coatings, there is a danger that 
the wear resistant particles will not be evenly dis- 
tributed within the matrix material which retains 
30 them. If the wear resistant particles are not evenly 
distributed there is a likelihood of accelerated wear 
occuring in those regions which are particle defi- 
cient , 
It is an object of the present invention to provide 
35 a method of hardening a metal surface which is 
less prone to hardness inconsistences than is the 
case with the prior art methods described above. 

According to the present invention, a method of 
surface hardening a metal comprises locally melt- 
40 ing the metal surface with a beam of high energy 
radiation in an inert atmosphere or vacuum and in 
the presence of elemental carbon for sufficient 
time for said metal and carbon to react to produce 
a carbide which, on subsequent resolidification, 
45 defines a dendritic carbide structure within s^id 
metal adjacent the surface thereof. 

The invention will now be described, by way of 
example, with reference to the accompanying 
drawings in which:- 
50 Figure / is a side view of apparatus suitable for 
carrying out the method of the present invention. 

Figure 2 is a side view of an alternative form of 
apparatus suitable for use In the method of the 
present invention. 
55 Figures 3-10 are graphs indicating various physi- 
cal properties of metal surfaces- hardened in ac- 
cordance with the method of the present invention. 

\Arrth reference to Rgure 1, a translatable plat- 
form 10 situated in an argon atmosphere supports 
60 a titanium woricpiece 11, the surface of which is to 
be hardened in accordance with the method of the 
present invention, beneath a beam 12 of coherent 
radiation from a laser (not shown). The laser beam 
12 is disposed normally to the titanium woricpiece 
65 11 and is of sufficient energy to cause surface 



melting of that area of the titanium workpiece 1 1 
which it impinges. It will be appreciated however 
that the laser bean 12 could be inclined if so de- 
sired, 

70 Prior to the laser beam 12 being directed on to 
the titaniurri workpiece 1 i its surface is coated with 
a colloidal dispersion of graphite 13 by brushing, 
although other forms of graphite such as flake, 
could be used if so desired. Other methods of ap- 
75 plication, such as spraying, may be used however 
if so desired. When the laser beam 12 locally melts 
the surface of the titanium woricpiece 11, the mol- 
ten titanium dissolves the giraphite and titanium 
carbide is formed from the melt The platforrn 10 is 
80 continously translated in the direction indicated by 
the arrow 14 so that the thus formed titanium car- 
bide and the molten titanium quickly solidify to 
leave a titanium carbide dendritic structure within 
a titanium matrix adjacent the surface of the tita- 
85 nium workpiece 11. 

The thus formed titanium carbide provides the ti- 
/ tanium workpiece 11 with a tough wear resistant 
surface which, in view of its dendritic structure is 
evenly distributed across the woricpiece 11 surface. 
90 In an alternative method of forming a tough 
wear resistant dendritic titanium carbide structure 
within a titanium workpiece surface, the titanium 
workpiece 15 is positioned on a translatable plat- 
form 10 beneath a noramlly incident laser beam 12 
95 as described above. However, the surface of the ti- 
tanium sheet 15 is not coated with a graphite dis- 
persion. The carbon for reaction with the molten 
titanium is instead contained within a hopper 16 
which is positioned above the sheet 15 as can be 
100 seen in Figure 2. A metering device 17 loc^ated be- 
low the hopper 16 meters a steady flow of carbon . 
particles into an inclined duct 18 through which 
there is a flow of argon or other inert gas in the 
direction indicated by the arrovv 19. the duct 18 is 
105 so positioned with reispect to the laser beam 12 
that it directs the carbon particles and argon into 
the area of laser beam 12 impingement upon the 
woricpiece 15 surface and hencse into the titanium 
locally melted by the beam 12. The molten tita- 
110 nium dissolves the carbon and titanium carbide is 
formed from the melt which titanium carbide, upon 
translation of the platform in the direction indi- 
cated by the arrow. 20 and the subsequent resoiidi- 
fication;of the titanium,. forms a dendritic structure 
115 within a titanium matrix adjacent the workpiece 15 
surface. Since argon from the duct 18 washes the 
reaction area of molten titanium, it is not net:es- 
sary to enclose the whole apparatus in an argon 
atmosphere although total enclosure is usually de- 
120 sirable in avoiding oxidation. 

A series of tests were carried out surface harden- 
ing titanium and titanium alloy sheets using the 
method described with respect to Rgure 1. The 
tests were carried out using a 2 KW CW COj laser 
125 operated at between —1.2 and 1.8 KW. Interaction 
times, that is times of interaction between the laser 
beam and the titanium sheet were controlled by 
varying the diameter of the laser beam from 0.4 to 
3 mm and the translation speed of the platform 
130 from 7 to 50 mm/second. The surfaces of the tita- 
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nium sheets used were grit blasted in order to pro- 
vide a standard finish. 

Two different metals were used in the prepara- 
tion of the sheets 11. They were chemically pure ti- 
5 tantum and a titanium alloy containing six percent 70 
.. by weight aluminium and four percent by weight 
vahadium. The sheets were coated with a colloidal 
dispersion of graphite in methanol by brushing. 
Several successive laser treatments (up to 16) were 

10 applied to each sheet vvtth a fresh coating of the 75 
colloidal graphite dispersion being applied be- 
tween each treatment 

Microstructural observations of the treated 
sheets were made using light and scanning elec- 

15 trbn microscopy and microhardness measurements 80 
(using a lOOg load) were made, mainly on trans- 
verse sections. 

In considering the results of these tests, Rgure 3 . 
shows the variation of depth and width of the 

20 processed zone of a chemically pure titanium sheet 85 
using a 1.72 KW laser beam power, a translation 
speed of 20 mm/s. and a laser beam width of 3 
mm diameter. There were sixteen repeated runs 
with a coating of colloidal graphite being applied 

25. for each run. Rgure 3 indicates that a melt zone 90 
depth of —0.4 mm and width of— 2.1 mm remain effec- 
tively constant for up to sixteen runs. Rgure 4 indi- 
cates that the dimensions of the melt zone as a 
function of translation speed for single track exper- 

30 iments shows the trend if a decrease in depth and 95 
width with increasing translation speed. 

The corresponding results using the sheet 
formed from the titanium alloy are indicated in Rg- 
ure 5 and 6 were obtained using a narrower laser 

35 beam 12 (1.5 mm diameter), a translation speed of 100 
20 mm/s and two laser power levels (1.2 KW for 
Rgure 5 and 1.8 KW for Rgure 6). There was no 
clear evidence of the anticipated trend towards in- 
creased depth and width with power increase. 

40 However there was ah unexpected effect in that ibs 
the zone depth and width exhibited a progressive 
increase with repeated treatment cycles. 

Cracking was not observed under any of the con- 
ditions examined using either the chemically pure 

45 titanium or the titanium alloy. 110 
X-ray diffraction examination of all of the sam- 
ples showed the presence of titanium carbide in 
the melted zones. The carbide lattice parameters 
wer#as 'follows for repeat treatment conditions 

50 (designated high carbon), and single treatments 115 
(designated low carbon), chemically pure titanium 
sheet 11 : 4.329A (high carbon), titanium alloy 
sheet 11 : 4.305A (high carbon) : 4.31 8A (low car- 
bon). 

55 The hardness levels of the melted zones (Rgures 120 
7 and 8 for chernically pure titanium and Rgures 9 
and 10 for the tftanium alloy) show a progressh^e 
increase in hardness with increased carbon content 
through repeated treatment runs, the maximum 

60 being —650 HV after 16 runs with the chemically 125 
pure titanium sample. Rgure 8 illustrates the hard- 
ness decrease with increase in translation speed. 

Microscopic examination of the samples indi- 
cated that in the single treatment examples (one 

65 run) there were carbide particles present which 130 



were of a feather, flake-like morphology, some of 
them being formed into a network. The samples 
exposed to eight successive runs had a higher vol- 
ume fraction of carbides and^the morphology was 
dendritic. The carbide dendrites were coc^rser 
nearer the top of the melted zone than at the base. 
In a shallow high carbon melt zone there was an 
upper region in which carbide dendrites extended 
downwards from the melt surface. In a deep zone, 
some carbide particles up to 100 \un In diameter 
were heterogenously dispersed in addition to the 
dendritic particles. 

It will be seen therefore that the method of the 
present invention provid^^a rnethod of surface 
hardening titanium which/since it promotes den- 
dritic titanium carbide formation adjacent the tita- 
nium surface, provides a more even distribution of 
surface hardness than has previously been 
achieved using the injection of carbide particles 
into a molten surface. 

Although the present Invention has been de- 
scribed with reference to the surface hardening of 
titanium and an alloy thereof using a laser beam, it 
is envisaged that the. invention need not be so re- 
stricted. Generally speaking, the method is applica- 
ble to metals which are strong carbide formers and 
the beam used to melt the metal surface needs to 
be a beam of high energy radiation In order to 
achieve the necessarily rapid surface melting. Thus, 
the laser beam could, for instance, be replaced by 
an electron beam in which case the inert atmos- 
phere would be replaced by a vacuum. 

CLAIMS 

1. A method of surface hardening a metal sur- 
face comprising locally melting the metal surface 
with a beam of high energy radiation in an inert at- 
mosphere or vacuum and in the presence of ele- 
mental carbon for sufficient time for said metal 
and carbon to react to produce a carbide which, on 
resolidification, defines a dendritic carbide struc- 
ture within said metal adjacent the surface thereof. 

2. A method of surface hardening a metal sur- 
face as claimed in claim 1 wherein said local melt- 
ing and resiolidiftcation of said metal surface in the 
presence of elemental carbon to produce a dendri- 
tic carbide structure Is performed more than once 
on each portion of said metal surface requiring 
surface hardening. 

3. A method of surface hardening a metal sur- 
face as claimed in claim 1 wherein said beam of 
high energy radiation Is constituted by a laser 
beam. 

4. A method of surface hardening a metal sur- 
face as claimed in claim 3 wherein said laser beam 
is provided by a laser having a power output of up 
to2 KW, 

5. A method of surface hardening a metal sur- 
face as claimed in claim 4 wherein said laser beam 
has a diameter of between 0.4 and 3 mm at its 
point of impingement upon said metal surface. 

6. A method of surface hardening a metal sur- 
face as claimed in any one preceding claim 
wherein relative motion is effected between said 



beam and said metal surface so that adjacent re- 
gions of said metal surface are successively melted 
in the presence of said elemental carbon and sub- 
sequently resolidify. 

5 7. A method. of surface hardening a metal sur- 
face as claimed in claim 6 wherein said relative 
motion is effected at a speed of between 7 and 50 
mm/second. 
8. A method of surface hardening a metal sur- 

10 face as claimed in any one preceding daim 
wherein said elemental carbon is in the form of 
particulate carbon substantially evenly distributed 
over said metal surface prior to the local melting 
thereof. 

15 9. A method of surface hardening a metal sur- 
face as claimed in claim 8 wherein said carbon is 
in the form of colloidal graphite. 

10. A method of surface hardening a metal sur- 
face as claimed in any one of claims 1 to 7 wherein 

20 said elemental carbon is directed into the metal 
melted by said high energy beam. 

11. A method of surface hardening a metal sur- 
face as claimed in any one preceding claim 
wherein said metal is titanium or an alloy thereof. 

25 12. A method of surface hardening a metal sur- 
face substantially as hereinbefore described with 
reference to the accompanying drawings. 

13. A metal surface hardened by the method 
claimed in any one preceding claim. 
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